One of the most important goals in structural biology is the identification of functional relationships among the structure of proteins and peptides. The purpose of this study was to (1) generate a model based on theoretical and computational considerations among amino acid sequences within select neurotoxin peptides, and (2) compare the relationship these values have to the various toxins tested. We employed isolated neurotoxins from sea anemones with established specific potential to act on voltage-dependent sodium and potassium channel activity as our model. Values were assigned to each amino acid in the peptide sequence of the neurotoxins tested using the Number of Lareo and Acevedo algorithm (NULA). Once the NULA number was obtained, it was then plotted using three dimensional space coordinates. The results of this study allow us to report, for the first time, that there is a different numerical and functional relationship between the sequences of amino acids from sea anemone neurotoxins, and the resulting numerical relationship for each peptide, or NULA number, has a unique location in three-dimensional space.
Introduction
Identifying structurally similar proteins with different chain topologies can aid studies in homology modeling, protein folding, protein design, and protein evolution [1] . One of the most important intentions, when working with nucleotide or amino acid sequences, is to identify similarities within or among sequences of special interest and ascribe numerical values to those sequence similarities. Determining homology evaluates qualitative and quantitative aspects when assigning similarity. The use of our algorithm in this process helps to generate a unique number from the amino acid sequence of a protein or from the nucleotide sequence of a nucleic acid, which can be plotted in three-dimensional space distinct from any other protein or nucleic acid. The process reported here, termed the Number of Lareo and Acevedo algorithm, has been developed in our group and has been given the acronym NULA [2] .
In this paper, NULA it is applied to one of the most interesting protein groups, the sea anemone neurotoxins, in order to understand their physiological and pharmacological effects, and generate reasonable receptor-binding interaction models.
Experimental Procedures

NULA Algorithm
The numerical method and its graphical threedimensional representation allow the comparison of sequences and the evaluation of similarities between proteins with related functions. The proposed method does not require an initial sequence alignment. The NULA value relates (1) the number of monomers in a given sequence, (2) the position of each nucleotide or amino acid in the sequence and (3) the frequency that each type of nucleotide or amino acid appears in the same sequence [2] . Briefly, each amino acid in a given protein sequence is numbered from 1 to n starting with the amino terminus. Consecutive prime numbers, starting with 2, are assigned, one to each one of the twenty amino acids, as they appear in the protein sequence. The X-coordinate is the natural logarithm of Gödel's number, i.e., the product of a, where "a" is the prime number that identifies the given amino acid and "I" is the position it occupies in the amino acid sequence. The Y coordinate is ∑ p n , where "p" is each prime assigned to each amino acid and "n" is the frequency with which such an amino acid appears in the sequence. The Z coordinate is the total number of amino acids in the sequence. The amino acids L-selenocysteine and L-pyrrolysine were not considered in our model study, as they are not known to occur in anemone neurotoxin proteins.
Biological model
The sea anemone toxins provide excellent models to study structural and functional relationships [3] [4] [5] . Even with the sea anemone toxins being very diverse, the toxins are of theoretical interest due to the molecular targets affected and their high specificity of action on those targets. The neurotoxins from sea anemones affect the nervous and muscular systems and include two main groups: those that act on sodium-voltage dependent channels [6] [7] [8] , and those which affect potassiumvoltage dependent channels [9] [10] [11] [12] [13] [14] [15] . The sea anemones neurotoxins have been or will be useful tools for studying the structure and function of specific ion channels [5] . Moreover, the most of the known sodium channel toxins delay channel inactivation by binding to the receptor site 3 and most of the known potassium voltage-dependent channels toxins selectively inhibit Kv1 channels [5] . Several studies have demonstrated that the following peptide toxins are functionally unique among the known sodium or potassium channel toxins: APETx2, which inhibits acid-sensing ion channels in sensory neurons [16] ; BDS-I and II, which show selectivity for Kv3.4 channels [9] , and APETx1, which inhibits human ether-a-go-go-related gene potassium channels [17] . In addition, structurally novel peptide toxins, such as an epidermal growth factor (EGF)-like toxin (gigantoxin I), have also been isolated from some sea anemones although their functions remain to be clarified [5] . Recent study by Zaharenko and coworkers demonstrated the possibility of using sodium channel toxins from sea anemones as tools for dissecting the biophysical properties of inactivation in voltage-gated sodium channels [18] . Cangitoxin (CGTX) is a peptide containing 48 amino acid residues and was formerly purified from Bunodosoma cangicum. Based on the observation made by Zaharenko et al., nevertheless, previous works reporting the isolation procedures for such peptide from B. cangicum secretions are controversial and may lead to incorrect information. In addition, a simple and rapid procedure, consisting of two chromatographic steps, in order to obtain a CGTX analog directly from sea anemone venom has been reported by this group. This group also reported a substitution of N16D in this peptide sample and the co-elution of an inseparable minor isoform presenting the R14H substitution. Peptides are named as CGTX-II and CGTX-III, and their effects over Nav1.1 channels in patch clamp experiments are demonstrated [18] .
For this application of the NULA Algorithm, the amino acid sequences of several neurotoxins that affect sodium or potassium channels isolated from sea anemones were used (see: Figures 1 and 2 ). Figure 3 depicts the corresponding three-dimensional representation of the data described in Table 1 , which are the values of the 3 coordinates described in the methods for the 38 isolated neurotoxins of sea anemone that affect Na + channels. The first cluster (numbers 36, 37 and 38) includes the toxins ATX-III, ATX-IV of the Actiniidae family and PA-TX from the Stichodactylidae family. ATX-III, ATX-IV and PA-TX have 27, 25 and 31 amino acids, respectively. The toxin numbered as 1, Ae I (family Actiniidae) with 53 amino acids is distinct in location from the other groups. The largest group contains AETX I toxin (number 2) to Halcurin (number 35), with primary sequencing ranging from 46 and 49 amino acids and include those common to several families, namely Actiniidae, Stichodactylidae, Hormathiidae and Halicuridae.
Results
With respect to the isolated neurotoxins of sea anemone that affect K + channels, the values of the 3 coordinates are shown in Table 2 . The corresponding three-dimensional representation in Figure 4 results in The sequences were obtained from the following papers: AeI (Actinia equina): [27] , AETX I (Anemonia erythraea): [28] , APE 1-1, APE 1-2, APE 2-1 (Anthopleura elegantissima): [29] , AFT-I, AFT-II (Anthopleura fuscoviridis): [30] , ATX-Ia, ATX-I, ATX-II, ATX-V ATX-III, ATX-IV (Anemonia sulcata): [31] [32] [33] [34] [35] [36] , Ap-A, Ap-B, PCR1-2, PCR 2-1, PCR2-5, PCR 2-10, PCR 3-3, PCR 3-6, PCR 3-7 (Anthopleura xanthogrammica): [37] [38] [39] , BcIII (Bunodosoma caissarum): [40] , Bg II, Bg III (Bunodosoma granulifera): [41] , Cp II (Condylactis passiflora): [42] , RTX-I, RTX-II, RTX-III, RTX-IV, RTX-V (Radianthus macrodactylus/previously Heteractis macrodactylus): [43] [44] [45] , RpII, RpIII (Radianthus paumotensis/previously Heteractis magnífica or Heteractis paumotensis): [46] [47] , Sh I (Stichodactylae helianthus): [48] , CLX-I, CLX-II (Calliactis parasitica): [19] , Halcurin (Halcurias carlgreni): [49] , PA-TX (Parasicyonis actinostoloides/previously Entacmaea quadricolor): [50] .
3 differentiated clusters. One of them corresponds to the numbered toxins 1 to 5, which are BgK, AsKS, AeK, HmK and ShK, with primary sequencing ranging from 35 to 37 amino acids. In this group there are toxins isolated from specimens of family Actiniidae (BgK, AsKS, AeK) and Stichodactylidae (HmK and ShK). Another cluster corresponds to the toxins BDS-I and BDS-II (Actiniidae family) numbered as 6 and 7, with 43 amino acids in each one. The last cluster includes the AsKC1, AsKC2 and AsKC3 toxins, of Actiniidae family having 58 and 59 amino acids, respectively.
Interestingly, when both groups of neurotoxins are graphed together, using green to indicate the neurotoxins that affect Na + channels and red to indicate those that affect K + channels, Figure 5 demonstrates that the particular groupings for each type remain distinct, demonstrating the selectivity of our algorithm in distinguishing common features to the toxins mechanism of action.
Discussion
The novel NULA algorithm assigns a unique number to a given protein, based on its primary amino acid sequence and demonstrates that a new level of complexity can be distilled from amino acid features, not found using simple surveys of the amino acid sequences or from common homology alignment algorithms. From our data, it may be argued that function depends on particular three dimensional features that are reflected in the NULA number and not by chance alone. If this was the case, proteins with similar activities should have NULA numbers that would be group in the same cluster in a 3D-plotting. Further, when plotted as peptides, overlapping functions could be ascertained among very dissimilar proteins.
In order to test this possibility, we studied 48 sea anemone neurotoxins for which amino acid sequences had been published. These neurotoxins were chosen because they have relatively short (25-59 amino acids) sequences and well-characterized activities. When NULA numbers were assigned to the 48 neurotoxins and plotted, it was apparent that they were grouped into distinct regions of sequences according to their known activity. Thus, those peptides that affected voltagedependent Na + channels fell into three well-defined clusters, while those affecting K + channels fell into two well-defined and distinct clusters. Interestingly, some of these clusters intermingled in sequences but did not overlap. Even though there is clear discrimination among the cluster for each type of neurotoxin, no The sequences were obtained from the following papers: BgK (Bunodosoma granulifera): [12] , AsKS, BDS-I, BDS-II, AsKC1, AsKC2, AsKC3 (Anemonia sulcata): [20, 23, 24] , AeK (Actinia equina): [22] , HmK (Heteractis magnifica): [21] , ShK (Stichodactyla helianthus): [13] . modern bioinformatics tool exists today to explain such discrimination in function. The fact that the obtained clusters include toxins isolated from species of different families, shows that there is not a relationship to the degree of similarity among the sequences and the families and there is no taxonomic dependency among them.
The results of this study show that the clusters obtained for each type of neurotoxin are independent of the homology between each group. In the case of the neurotoxins that affect Na + channels, for example, CLX-I and CLX-II toxins of Hormathiidae family [19] do not present or display a high level of homology with those of the Actiniidae and Stichodactylidae families, but belong to the same group of Halcurin toxin of Halicuridae family; even with these differences in homology, all of the four toxins are grouped in the same cluster (numbered 33 and 34 for CLX-I and CLX-II and 35 in the case of Halcurin), as demonstrated in Figure 3 .
In relation to the K + channels neurotoxins, the comparison of the sequences between families for short toxins shows similarity between two toxins of Stichodactylidae family, ShK and HmK, and between toxins of Actiniidae family, as AsKS, BgK and AeK. Although differences exist in the sequences when comparing families, the 6 cysteines are absolutely conserved [12, 13, [20] [21] [22] . However, no matter the similarities or differences in the sequences of both families, the 5 toxins are grouped in the same cluster as seen in Figure 4 .
For BDS-I and BDS-II isoforms, classified together with toxins of intermediate size, and grouped in the same cluster, the sequences differ in positions 7 and 11, (Ser and Gly for BDS-I and Pro and Asp for BDS-II). However, regarding isoform condition, unlike the RTX-III and RTX-IV isoforms discussed for Na + channels, the toxins BDS-I and BDS-II, in addition to binding to K + channels, also show antiviral and antihypertensive effects [23, 24] . This suggests the occurrence of particular functional motifs within the same sequence that correlate with different activities. On the other hand, it is of great interest to report topological similarity -demonstrated by binding and displacement tests-among toxins that affect K + channels of different Phyla, such as dendrotoxin and ShK (toxins isolated from snakes and sea anemones, respectively), that allows them to bind to the same sites in the K + channels [11] . Consequently, the use of this novel algorithm can predict complete neurotoxins that have not been deciphered yet. Once the amino acid sequence of a new neurotoxin becomes available, it will be assigned a NULA number that can be plotted in three dimensions and its localization in the coordinates could tell us about its structural topology, particularly in the binding site of the receptor. Frequently the comparison of new sequences with others previously studied can lead to the inference of functions and relations, and to outline the methodology to follow in future investigations. The sequences codify biological information within an intricate group of norms that up to this day have not been completely deciphered. The NULA tool will assist in elucidating close relations from the patterns that help to determine the set of rules that are not known.
The algorithm of Lareo and Acevedo has many applications for studying molecular systems and to bring studies of phylogeny relationships to a molecular level, which will allow for biological correlations. This model could be utilized to expand the understanding of Archaea bacterial proteins or post-translational modifications of known residues, and couple that information to proteomics research. Even though biologically meaningful 3D models have been generated from the simultaneous alignment of several protein structures, which have allowed a better understanding of active sites [25] , or to discriminate between different ligand-binding sites [26] , an additional advantage of the NULA algorithm is the evident reduction in the time of calculation since it does not need an alignment of sequences. Additional uses are expected to be found for NULA, which could be included as a novel bioinformatics tool for screening proteins or peptides, and for overlapping functions and the assignment of new functions to orphan peptides.
